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AB The present invention contemplates novel improved lentiviral vectors for 
the expression of genes at high levels in human and other cells. Vectors 
are provided which are packaged efficiently in packaging cells and cell 
lines to generate high titer recombinant virus stocks . The improved 
vectors contain novel packaging signals, an internal promoter, and a 
recombinant Rous sarcoma virus splicing signal. The viral gene expression 
vectors (pHP) were constructed to contain minimal amts. of HIV sequences, 
allowing efficient expression of viral structural proteins but not genome 
packaging. The transducing vectors (pTV) were constructed to contain all 
of the sequences to allow efficient genome packaging and internal 
promoter, but contain no viral genes and minimize the possibility of 
recombination with pHP. These two series of vectors demonstrated 
efficient gene transduction and high levels of long-term expression in 
many types dividing and non-dividing cells. The present invention further 
relates to HIV vaccines and compns . for gene therapy. In particular, the 
present invention provides attenuated replication-competent HIV vaccines 
and replication-defective HIV vectors. 
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AB Although most reports defining the human immunodeficiency virus type 1 

(HIV-1) genomic RNA packaging signal have focused on the region downstream 
of the major 5 1 splice site, others have suggested that sequences upstream 
of the splice site may also play an important role. In this study we have 
directly examined the role played by the HIV-1 TAR region in RNA 
packaging. For these experiments we used a proviral expression system that 
is largely independent of Tat for transcriptional activation. 
This allowed us to create constructs that efficiently expressed RNAs 
carrying mutations in TAR and to determine the ability of these RNAs to be 
packaged. Our results indicate that loss of sequences in TAR significantly 
reduce the ability of a viral RNA to be packaged. The requirement for TAR 
sequences in RNA packaging was further examined by using a series of 
missense mutations positioned throughout the entire TAR structure. TAR 
mutations previously shown to influence Tat transactivation, 
such as G31U in the upper loop region or UCU to AAG in the bulge 
(nucleotides [nt] 22 to 24), failed to have any effect on RNA packaging. 
Mutations which disrupted the portion of the TAR stem 

immediately below the bulge also had little effect. In contrast, dramatic 
effects on RNA packaging were observed with constructs containing 
mutations in the lower portion of the TAR stem. Point mutations which 
altered nt 5 to 9, 10 to 15, 44 to 49, or 50 to 54 all reduced RNA 
packaging 11- to 25-fold. However, compensatory double mutations which 
restored the stem structure were able to restore packaging. These results 
indicate that an intact lower stem structure, rather than a specific 
sequence, is required for RNA packaging. Our results also showed that RNA 
molecules retained within the nucleus cannot be packaged, unless they are 
transported to the cytoplasm by either Rev/Rev response element or the 
Mason-Pfizer monkey virus constitutive transport element. 
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AB The use of HIV virus vectors for gene therapy is hindered by safety 
concerns. A minimal vector system that is capable of transducing 
nondividing cells and which does not contain tat, vif, vpr, vpu 
and nef, is described. The HIV virus-1 vectors were designed to be 
produced from transient 3-plasmid cotrans f ection into 293T cells. The 
vector genome, the HIV virus-1 gag-pol gene and the 

vesicular-stomatitis virus glycoprotein gene were placed on 3 separate 
plasmids (plasmid pHZ series, plasmid pGP series, and plasmid pRV67, 
respectively) . This packaging system lacked the 
accessory genes nef, vpu and vpr and has the potential 
to eliminate tat, rev and vif. Virus was regenerated by 
calcium phosphate transfection of 293T cells and used for transduction. 
After incubation of the cells on dishes with DNA-calcium phosphate 
precipitates for 12 hr, the medium was replaced with 2 . 5 ml fresh medium 
and incubated for 36 hr. The supernatant was used for transduction in 
the presence of Polybrene (8 ug/ul) . No replication-competent virus from 
the packaging system was detected after 51 days of culture. (59 ref) 
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AB Studies of the genomic structure of human T-lymphotropic virus type III 

(HTLV-III) and related viruses, implicated as the causal agent of acquired 
immune deficiency syndrome (AIDS), have identified a sixth open reading 
frame in addition to the five previously known within the genome ( 
gag/ pol, sor, env and 3 ! orf). This gene, called 

tat-III, lies between the sor and env genes and is able to mediate 
activation, in a trans configuration, of the genes linked to HTLV-III long 
terminal repeat (LTR) sequences. We now present evidence that the product 
of tat-III is an absolute requirement for virus expression. We 
show that derivatives of a biologically competent molecular clone of 
HTLV-III, in which the tat-III gene is deleted or the 

normal splicing abrogated, failed to produce or expressed unusually low 
levels of virus, respectively, when transfected into T-cell cultures. The 
capacity of these tat-III-def ective genomes was transiently 
restored by co-transf ection of a plasmid clone containing a functional 
tat-III gene or by introducing the TAT-III protein 

itself. As HTLV-III and related viruses are the presumed causal agents of 

AIDS and associated conditions, the observation that tat-III is 

critical for HTLV-III replication has important clinical implications, and 

suggests that specific inhibition of the activity of tat-III 

could be a novel and effective therapeutic approach to the treatment of 

AIDS. 
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AB Traditional methods of vaccine development have not produced 

effective vaccines for several prevalent infectious diseases, including 
AIDS, malaria and tuberculosis. These difficult diseases call attention 
to the importance of new approaches that profit from modern technologies. 
Successful efforts in the past have typically taken advantage of naturally 
occurring, protective immune responses, but this avenue is not readily 
available in certain cases, such as in HIV infection, where the 
immune system rarely confers protective immunity. However, there are 
alternative strategies and areas of -research that may facilitate the 
development of highly effective vaccines. These include the 
identification of immunogens that elicit broadly neutralizing antibodies, 
detn. of the mol . and cellular basis for immune responses to the 
components of the infectious agent, the identification of relevant forms 
of viral proteins for antigen presentation, stimulation of relevant T-cell 
types, and enhancement of antigen-presenting, dendritic cell function. 
Answering these basic research questions, will aid in rational 
vaccine design. It is also extremely important to optimize 
techniques for the testing and prodn. of new vaccines including the 
quantitation of immune responses in animals and in humans, identification 
of surrogate markers of immune protection, streamlined vaccine 
prodn., and rapid evaluation of candidate vaccines for testing in clin. 
trials. We have put these ideas into practice in two recent studies in 
which we generated enhanced cytotoxic T lymphocyte (CTL) responses, while 
retaining robust humoral responses, to wild-type viral proteins by 
immunizing mice with genetically modified forms of HIV-1 Env, 
Gag and Pol delivered in the form of plasmid DNA expression 
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AB There are no adequate vaccines against some of the new or reemerged 
infectious scourges such as HIV and TB. They may require strong 
and enduring cell-mediated immunity to be elicited. This is quite a task, 
as the only known basis of protection by current commercial vaccines is 
antibody. As DNA or RNA vaccines may induce both cell-mediated and humoral 
immunity, great interest has been shown in them. However, doubt remains 
whether their efficacy will suffice for their clinical realization. We 
look at the various tactics to increase the potency of nucleic acid 
vaccines and divided them broadly under those affecting delivery and those 
affecting immune induction. For delivery, we have considered ways of 
improving uptake and the use of bacterial, replicon or viral vectors. For 
immune induction, we considered aspects of immunos timulatory CpG motifs, 
coinjection of cytokines or costimulators and alterations of the antigen, 
its cellular localization and its anatomical localization including the 
use of ligand-targeting to lymphoid tissue. We also thought that mucosal 
application of DNA deserved a separate section. In this review, 
we have taken the liberty to discuss these enhancement methods, whenever 
possible, in the context of the underlying mechanisms that might argue for 
or against these strategies. 
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AB A review with 110 refs. Immunization with purified DNA is a 

powerful technique for inducing immune responses. The concept is very 
simple, involving insertion of the gene encoding the antigen of choice 
into a bacterial plasmid, and injection of the plasmid 
into the host where the antigen is expressed and induces humoral and 
cellular immunity. This technol . can induce immunity to all antigens that 
can be encoded by DNA; this includes all protein, but not carbohydrate, 
antigens. DNA immunization appears to result in presentation of antigens 
to the host f s immune system in a natural form, similar to that achieved 
with live attenuated vaccines. The most efficacious routes for DNA 
immunization are bombardment with particles coated with DNA (gene-gun) , 
followed by i.m. and intradermal administration. The efficiency of 
transfection of host cells is low, but sufficient to induce immunol . 
responsiveness. The DNA plasmid' is retained in the transfected 
cells in an unintegrated form for the life of the cell. The majority of 
transfected cells are eliminated, but residual expression has been 
detected for longer periods. In animal model . systems , DNA immunization 
has been shown to induce protective immunity to influenza, herpes, rabies, 
hepatitis B and lymphocytic choriomeningitis viruses, and to malaria and 
mycobacteria. However, strategies to induce protective immunity to 
HIV and other disease agents remain to be developed. DNA vaccines 
permit modulation of the immune response by altering the route or method 
of DNA administration, by including immuno stimulatory sequences in the 
plasmid, and by co-administration of cytokine genes with the gene 
encoding the antigen of interest. A T helper 1 response provides 
cell-mediated immune killing of infected cells and neutralizing antibody 
prodn., while a T helper 2 response induces IgE and allergic responses. 
The advantages of DNA immunization are: (i) similarity to live attenuated 
vaccination but without the possibility of contamination with undesirable 
agents; (ii) correct presentation of antigen; (iii) combinations of 
DNA-encoded antigens and/or cytokines may be administered; (i.v.) genetic 
stability; (v) potential speed of making new vaccines with genetic 
identity; (vi) development of vaccines for agents that cannot be grown in 
culture; (vii) no need for a cold chain; and (viii) possibility of 
modulation of the immune response. The perceived risks include: (i) 
integration of the plasmid into the host genome; (ii) induction 
of anti-DNA antibodies and autoimmunity; and (iii) induction of tolerance. 
The available information concerning safety is encouraging, with the risk 
of integration being considered to be orders of magnitude below the 
spontaneous mutation frequency in humans. DNA immunization offers the 
possibility of extending the control of infectious diseases far beyond 
those that are currently controlled by conventional and recombinant 
vaccines, to include vaccines for parasites and cancer. However, it is 
currently too early to predict the future extent of use of DNA vaccines in 
human immunization programs because the initial clin. trials are still in 
progress . 



